Objective: To evaluate the effect of repeated removal and placement of abutments during prosthetic stages on increasing proinflammatory cytokine levels around dental implants. Material and Methods: All the patients with dental implants, referring to the prosthodontics private office during a 3-month period, were examined in relation to the health of the implants and included in the present study based on inclusion criteria; the patients had a multi-unit abutment on one side of the jaw and a conventional healing abutment on the implant on the other side of the jaw. Samples of gingival crevicular fluid were taken from all the eligible subjects for immunological analyses. The samples were taken from the sulcus around each implant in each subject. The samples were sent to the immunology laboratory for determination of IL-6 and IL-1β proinflammatory cytokines with the use of an ELISA kit. Data were analyzed with SPSS 16 and Descriptive statistics and T-test was used. Statistical significance was set at p<0.05.
Introduction
Increasing of dental implants usage and the high percentage of success rate of their osseointegration is amplified the demand for the replacement of the lost teeth with implants [1, 2] .
However, retrospective studies have shown the prevalence of peri-implant conditions [3, 4] . Franson et al showed that over 90% of peri-implant tissues exhibit some degree of inflammatory response [5] . In addition, researchers have reported a prevalence rate of 28% for peri-implantitis [3, 4] .
It is necessary to manage peri-implantitis in order to decrease bone loss around the implant neck, maintain the health of the adjacent soft tissues and increase the efficacy and longevity of the implants [6] . Various factors play a role in the induction of inflammation around dental implants, including absence of attached gingiva around the implant, excessive thickness of gingiva around the implant neck, the material of the implants used and the position of the margin of the implantsupported crown relative to the free gingival margin [6, 7] .
A study reported that the main etiologic factor for inflammation around dental implants is the infection resulting from contamination by anaerobic bacteria. Other factors might include inadequate plaque control and incomplete tightening of the abutment [8] . In the standard protocol of the fabrication of implant-supported prostheses, the healing abutment is removed during the various stages of the procedure and returned to its location again. Some studies have reported that repeated removal and placement of healing abutments result in frequent injuries to the soft tissues, finally leading to bone loss [7] . A new technique, which is believed to be an alternative method and results in less soft tissue injuries is the use of multi-unit abutments. In this technique, after the second-stage surgery the multi-unit abutment is placed and the final torque is applied. Then an impression is taken at the abutment level, with no removal and re-placement of the abutment during prosthetic sessions [7] .
Studies on the inflammation in gingival tissues resulting from the effect of implant have shown that inflammation results in the activation of innate immune receptors, affecting the expression of proinflammatory cytokines [10] . Cytokines are peptide mediators that have a role in the regulation of immune responses, local and systemic inflammatory reactions and reparative responses in the face of invading agents. They exert their effect through induction of proliferation and difference of cells or by inhibiting their proliferation and difference [11] . The most important proinflammatory cytokines are IL-1β and IL-6, with similar and synergistic effects [12] [13] [14] .
The aim of the present study was to determine the concentrations of proinflammatory cytokines in the gingival crevicular fluid around implants with the use of two different techniques for the fabrication of implant-supported prostheses, i.e. the standard technique (impression taking at fixture level) and a new protocol (impression taking at the level of multi-unit abutments) under controlled conditions in an attempt to answer the question whether or not repeated removal and replacement of abutments during prosthetic procedures or its absence can help decrease inflammation in tissues around dental implants.
Material and Methods

Study Design and Data Collection
The present split-mouth clinical trial was done in Dentistry Faculty of Tabriz University of Medical Science from June to August 2016. The results of a previous study were used to determine the sample size [18] . By considering a mean difference of 3.37 in the means of proinflammatory cytokine levels between the two techniques of fabrication of implant-supported prostheses, with standard deviations of 3.73 and 8.55, respectively, and at α=0.05 and a study power of 80%, the sample size was calculated at n=22 in each group but in order to increase the validity of the study the sample size in each group increased up to 10% to have 25 samples in each group. The subjects were selected from those that had undergone the second implant surgery and referred to the dental office for at least two weeks for prosthetic procedures of the implant, by considering the inclusion and exclusion criteria.
Inclusion and Exclusion Criteria
The inclusion criteria consisted of the following: signing an informed consent form to be included in the study, presence of at least two titanium implants on two contralateral locations in one jaw, placement of the implants based on the two-stage surgical procedure, requiring the exposure in the second stage of the surgery, presence of attached gingiva around the implants (at least 2 mm), a maximum thickness of 3 mm of gingiva around the implant neck, age≥18 years [13, 18, 19] .
The exclusion criteria consisted of the following: subjects receiving scaling and root planing in the previous three months, subjects requiring bone augmentation and those with periodontitis, subjects undergoing radiotherapy in the head and neck region during the previous year, pregnant and breastfeeding women, patients receiving antibiotics during the previous 6 months, any systemic condition such as diabetes affecting the oral health, drug abusers and smokers (smoking ≥10 cigarettes a day), a history of taking biphosphonates, and subjects taking systemic antiinflammatory agents [13, 18, 19] .
In the present study, implant-supported prostheses were fabricated using a multi-unit abutment on one side and the patients received their final abutment at this stage; on the other side of the jaw, a healing abutment was placed on the implant (Daegu, Dentis Co., Ltd. South Korea) and an impression was taken at the fixture level. On the healing abutment side, the abutment was removed and placed again at least three times (proving of crown frame, proving of crown porcelain and cementation of final crown) and each time the inside of the implant and the transmucosal area were rinsed with 0.2% CHX (chlorhexidine) to eliminate foreign agents that induced inflammation. Only in the prosthesis delivery session, it was not necessary to rinse and the Gingival Crevicular Fluid (GCF) was used to measure the proinflammatory cytokines in the GCF around the implants.
The subjects were instructed about suitable oral hygiene and effective plaque control around the healing abutment with the use of a toothbrush, water jet and CHX for 2 weeks after placement of healing abutments. After two weeks the subject were recalled for checking the control of plaque. All Pesq Bras Odontoped Clin Integr 2018, 18(1):e4123 the subjects eligible for being included in this study underwent a sampling procedure for immunological analyses.
Collection of Immunologic Samples
The samples were collected from the gingival sulcus around the implants in each patient. To this end, sampling from the GCF was carried out half an hour after thorough toothbrushing. Each area was isolated with cotton rolls and dried with an air current for 5 seconds. The samples were collected with paper points (Meta Biomed Co,. Ltd, Chungbuk, Korea), which were placed in four specific areas (mesiobuccal, distobuccal, mesiolingual and distolingual) up to a point where some resistance was encountered, and kept there for 30 second. Any paper point with blood contamination was excluded from the study. Each paper point was placed in a small sterile tube and frozen at -80°C until all the samples were collected. The samples were sent to the immunology laboratory for the determination of IL-6 and IL-1β proinflammatory cytokine levels with the use of an ELISA kit [13, 18] .
Laboratory Procedures
The immunological tests were carried out in the Immunology Laboratory of the Immunology Research Center, Tabriz University of Medical Sciences. After defrosting the samples, 100 mL of PBS (phosphate-buffered saline) were added to each sample, followed by centrifugation for 5 minutes at 3000 g at 4°C. Human Platinum ELISA kit (Northamerica/EBiosciences) was used to determine the concentrations of IL-1β and IL-6 proinflammatory cytokines in the resultant solutions. The procedural steps were similar to those with the Sandwich ELISA technique.
In all the kits, the antibody against the relevant cytokine had been plate-coated at the bottom of the wells. When the samples were added to the plates along with the standards, the relevant cytokines in the samples were considered as the antigen and coated with the anti-cytokine at the bottom of the plate. After irrigation and a definite time after incubation, the relevant biotinconjugated monoclonal anti-cytokine was added to bond to antigen if present. After a specific duration of time of incubation of biotin-conjugated anti-cytokines, which had been bonded to the relevant cytokines, they were eliminated during irrigation. Then streptavidin bonded to peroxidase enzyme (HRP) was added and bonded to biotin-conjugated anti-cytokine.
After incubation, unbounded HRP did not bond to the relevant biotin-conjugated anticytokine and was not eliminated after irrigation. In the next stage, tetramethyl benzidine substrate (TMB) solutions were added, which reacted with HRP and after incubation for a definite period of time, a blue color appeared depending on the concentration of cytokine. At this stage, the reaction was stopped by adding an inhibitory solution and the intensity of the color was read at a wavelength of 450 nm and a frequency of 620 nm in an ELISA reader (State Fax 3200). The equipment drew a standard curve and based on the intensity of standard colors and their concentration, these curves were used to determine the concentrations of cytokines.
Statistical Analysis
Data were analyzed using IBM SPSS Statistics for Windows Software, version 20 (IBM Corp., Armonk, NY, USA) and descriptive statistic and T-test was used. Statistical significance was set at p<0.05. The normal distribution of data was evaluated with the use of Kolmogorov-Smirnov test.
Ethical Aspects
The protocol of the study was approved by the Ethics Committee of Tabriz University of Medical Science under the code IR.TBZMED.REC.1395.302.
Results
In the present study of 50 samples selected for analysis, 7 samples failed during the tests and were excluded from the study. Mean age of the patients participated in the study was 22.2±6.43 years. The study was respectively consisted of 35% and 65% male and female patients.
The mean concentration of IL-6 in both groups was mentioned in Table 1 and Figure 1 . Ttest showed significant differences between these two groups (p<0.001) ( Table 1 and Figure 2 ). The mean concentration of IL-1β in both groups was mentioned in Table 1 and Figures 1   and 3 . There was significant difference between these two groups (p<0.001). Comparison of the means of IL-1β and IL-6 showed that the concentration of IL-6 was higher in both study groups compared to that of IL-1β (Figures 3 and 4) . Comparison of the mean concentrations of IL-1β an IL-6 in the healing abutment group showed that the concentration of IL-6 was higher than that of IL-1β; and this difference was significant (p<0.001) (Figure 3) .
Comparison of the mean concentrations of IL-1β an IL-6 in the multi-unit abutment group
showed that the concentration of IL-6 was higher than that of IL-1β; and the difference was significant (p=0.023) (Figure 4) . 
Discussion
In dental implant treatments, stability and preservation of the health of soft tissues around the implants are important factors in the long-term success of implants. Various factors play a role in the preservation of such stability around implants; one of these important factors is the number of times an abutment is placed and removed and the trauma resulting from it. Based on the results of previous studies, repeated placement and removal of abutments in the standard protocol leads to injuries to the soft tissues and increasing of cytokines, finally resulting in bone loss [7] . A new technique has been introduced as an alternative method that decreases traumas to soft tissues is a multi-unit abutment and was used in the present study.
The results of this study showed that repeated removal and re-placement of the abutments increases the chances of tissue irritation, and increases TH1 and TH17 cell counts in the tissue, increasing the concentrations of IL-6 and IL-1β proinflammatory cytokines.
In the majority of studies, clinical evaluations have been used to evaluate the success of implants and the health of tissues around the implants. In a previous study on the effects of placing the abutment in one session and not removing it during the prosthetic steps on the healing of bone around the implant; 6 months after surgery in 12 patients the standard protocol of prosthetic procedures was used. In 12 other patients, the "one abutment one time" protocol was used. Based on the results of the study, the new protocol resulted in a significant decrease in horizontal resorption of bone around the implant; however, other indices were not significantly different from each other [9] .
Various studies have shown an increase in the concentration of other cytokines such as IL-6 in the GCF (Gingival Crevicular Fluid) of patients exhibiting failure of implant treatment [11, [15] [16] [17] . IL-1β, too, is a chief proinflammatory cytokine, with a relationship with implant-supported prostheses and in fact it is a key molecule in the pathogenesis of implants [15] .
In another research, two protocols for fabrication of implant-supported prostheses were compared: placement of an abutment and preserving it until the last stage [the new protocol, i.e. use of a multi-unit abutment) and removal and placement of the abutment during different stages [the conventional protocol, i.e. use of a healing abutment). After 3 years, bone loss around the implant in the conventional technique was greater than that in the new protocol. In that study, proinflammatory cytokine were not evaluated [9] .
As reported in various studies, in dental implant treatments, the tissues surrounding the implant should not be irritated and the secretion of proinflammatory cytokines should decrease for the long-term homeostasis of the mucosa around the implant. Analysis of the gingival crevicular fluid around the implant is a non-invasive process for the evaluation of secretion of these cytokines and the inflammatory process around the implant [7] .
A previous study was developed with 28 patients with partial edentulism in the posterior area [20] and reached the same conclusion. By considering the limitations of their study the authors suggested that the placement of the final abutment in one stage results in a significant decrease in the resorption of crestal bone around the dental implants in partial edentulism, although a difference of 0.3 mm was not deemed to have an important clinical effect [20] . Other authors evaluated this hypothesis in patients receiving implants immediately after extraction of teeth in 32 patients with 32
hopeless maxillary premolars in 3 private offices and concluded that similar to the studies mentioned above definitive placement of an abutment in one session resulted in a significant decrease in the loss of crestal bone around the implants placed immediately after tooth extraction. However, these researchers suggested further clinical trials with larger sample sizes to reach a definitive conclusion [21] .
Based on evaluation of previous studies, it appears only a limited number of studies have evaluated the health of the mucosa around dental implants by analyzing the GCF around dental implants, although it is a non-invasive procedure for the evaluation of secretion of these cytokines and inflammatory conditions around implants. As shown in previous studies, in dental implant treatments, the mucous cells around dental implants that are responsible for secretion of cytokines
should not be irritated so that the long-term homeostasis in the mucosa around implants can be achieved [7] . Studies on the inflammatory reactions of the gingival tissue as a result of implants have shown that the inflammatory process results in the activation of innate immune system receptors, affecting the expression of proinflammatory cytokines [10] .
The effect of removing and re-placing the abutment on the secretion of cytokines around implants was evaluated, using immunological techniques at different intervals after placement of implants by collecting GCF and determining the concentrations of IL-1β and TNF-α with the use of ELISA. Based on the results of the study, the test group (that received the definitive abutment after the surgical stage), the concentrations of IL-1β and the probing depths were lower than those in the control group; however, there were no significant differences between TNF-α concentrations and bone height between the two groups. However, based on the results, placing the final abutment during the second surgical procedure resulted in lower inflammatory reactions in tissues around the implant [7] . This finding is consistent with the results of the present clinical trial. Based on the results of the present study, too, the mean concentrations of IL-1β and IL-6 in the multi-unit abutment group were less than those in the conventional healing abutment group and statistical comparisons between IL-6 and IL-1β showed that the concentration of IL-6 in both study groups was higher than that of IL-1β.
It should be pointed out that only one of the cytokines evaluated in the present study was similar to that previously reported [7] . However, some of the disadvantages of that study were a lack of attention to the possible contamination of the transmucosal area during removal and replacement of the abutment in the conventional protocol, the old age of the subjects (over 60 years of age) and the small sample size [7] .
Finally, it might be pointed out that under the limitations of the present study, a decrease in IL-6 and IL-1β concentrations in the test group (placement of the final abutment in the surgical session) was comparable to that in the control group, resulting in a decrease in bone loss around the implant, which has been confirmed in short-term and medium-term follow-ups in similar studies.
Limitations of this study were the people who were referred to dental practice and mostly had good oral hygiene. Future studies will be proposed to be done on people with different social and oral hygiene level and also, other inflammatory cytokines survey in studies e.g. IL-27 and IL-23.
Conclusion
The use of multi-unit abutments (with no need for removing and re-placing them during the prosthetic procedures) results in less severe inflammatory reactions compared to conventional twosegment abutments (that should be removed and re-placed several times during the prosthetics procedures).
